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Understanding the mechanism of generation and transport of ionic and
electronic defects in passve films on metallic construction materials is
of paramount importance to corrosion prevention. We have recently
proposed the mixed-condwtion model (MCM) [1-3] to describe
quantitatively the correlation between the transport properties of passve
films, their composition and structure. In the MCM, the pasdve film is
regarded as a mixed-conducting oxide (see Fig. 1). At the metal / film
interface, electrochemica oxidation of the metal |eads to the generation
of postively charged point defects (anion vacancies or caion
interstitials). At the film / solution interface, the dectrochemicd
dislution of the metal leads to the generation of negatively charged
defects (cation vacancies).
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Fig. 1. A scheme of readions taking place in the passve film.
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Fig. 2. A sketch of the qualitative shape of the the ionic defect profiles
in apassve film acording to the mixed-conduction model.

The mobilities of ionic point defects in passve films are very low, and
as a result a mncentration profile of these defects is built up in the
steady state (Fig. 2). At low potentialsin the passve range, the profile of
positive defects predominates and a positive ionic space charge is
created close to the metal / film interface. Electroneutrality is
maintained by the formation of a negative dectronic space charge
ensuring the n-type conductivity of the passve film as awhole. At high
potentials approaching transpassve dislution, the profile of negative
defects darts to dominate, and a negative space charge is created in the
vicinity of the film / solution interface. Electroneutrality is maintained
by the formation of a positive dectronic space charge leading to a p-
type conductivity. Under the assumption that the conductivity of the
passve film is predominantly electronic, and ionic transport is governed
by high-field migration, equations for the condctivity o and impedance
response Z of the passve film were derived:
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a is the hopping distance, bi(i=1+4) are the Tafel coefficients, C isthe
space-charge layer capadtance, De is the dectron (or hole) diffusivity,
Dwm' and Do’ the apparent (field dependent) diffusivities of caion and
anion vacancies, k; (i=1+4) are the interfadal rate constants, k° are their
values at E=0, L is film thickness a is the polarisability of the film /

solution interface, and € is the dielectric constant of the film.

A comparison of these ejuations with experimental data for passve
films formed on Cr, Fe-Cr, Fe-Cr-Mo and Ni-Cr alloys has all owed the
determination of the kinetic parameters of defect generation, transport
and consumption [1-3].

In the case when the ionic mobility through an anodic film is relatively
high, the possbhility for mutual compensation of the positive and
negative ionic space charges exists. The euation for the impedance
response of the system in high-field conditions has been derived in the
form [4,5]:
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where E isthe field strength, is isthe steady-state ionic current density,
and Sis the crosscapture section for ionic defects. A comparison of this
equation with experimental data on Al, Nb, Ta, Mo, W, Bi, Fe and Fe-
Mo aloys has all owed the determination of the kinetic parameters of the
ionic condiction process
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